Spiroplasma strain PLHS-lT from the gut of a common scorpion fly (Panorpa helena) collected in the West Virginia Allegheny Mountains was distinct from other spiroplasma species, groups, and subgroups as determined by reciprocal serological metabolism inhibition and deformation tests. However, when this strain was used as an antigen, it cross-reacted extensively with representatives of other groups. Light microscopy and/or electron microscopy of cells of strain PLHS-lT revealed helical motile cells surrounded by a single cytoplasmic membrane. The strain was resistant to penicillin, which confirmed that it had no cell wall. The organism grew well in M1D and SP-4 liquid media, in 1% serum fraction medium, and in conventional horse serum medium. The optimum temperature for growth was 30°C, at which the doubling time was 6.4 h. Multiplication occurred at temperatures from 10 to 32°C. Strain PLHS-lT catabolized glucose, hydrolyzed arginine but not urea, and required sterol for growth. The guanine-plus-cytosine content of the DNA was 31 f 1 mol%, and the genome size was 1,465 kbp. Strain PLHS-1 (= ATCC 51752) is designated the type strain of a new species, Spiroplasma alleghenense.
The genus Spiroplasma (18, 25, 27 ) is a presumably immense (9) assemblage of arthropod-associated helical wall-less procaryotes. Most of these organisms are associated with insects, in a variety of cycles (5-7). In 1980, a group classification system was proposed for the genus (11); later, criteria for recognition of groups were established (22) . Recently, the number of recognized Spiroplasma groups has increased from 25 to 33 because of recognition of eight newly described strains of insect-related spiroplasmas (27) . One of these strains, designated PLHS-lT (group XXVI), was derived from a common scorpion fly, Panorpa helena (Mecoptera: Panorpidae). Currently, group XXVI spiroplasmas are known only from the Allegheny Mountains of West Virginia.
In this paper, we present the results of a taxonomic study of strain PLHS-lT, organized on the basis of the proposed (10) minimal requirements for assignment of binomial names to mollicutes. As a result of our studies, we designate group XXVI strain PLHS-1 (= ATCC 51752) the type strain of a new species, Spiroplasma alleghenense.
MATERIALS AND METHODS
Spiroplasma strains. Strain PLHS-lT was isolated and cultivated by standard techniques (13) from hemolymph of a Planorpa helena scorpion fly collected by E. A. Clark along the Glady River near Bowden, W.Va. on 4 June 1986. Representative strains of all previously recognized groups and subgroups (17, 20, 25, 27) , including the type strains of recognized species, were employed in serological comparisons.
Culture medium and cultivation techniques. Strain PLHS-lT was selected from organisms grown in primary culture in MID liquid medium (21) at 30°C.
After several early broth passages, the isolate was triply cloned (15) . The clone selected was designated PLHS-lT and was used in characterization studies. Other medium formulations employed included SP-4 (21), serum fraction broth supplemented with 1% bovine serum fraction (161, and conventional horse serum medium (21) . Solid media were prepared by adding Noble agar (Difco Laboratories, Detroit, Mich.) to a final concentration of 3.0%. Agar cultures were incubated at 30°C either aerobically or anaerobically (hydrogen GasPak system; BBL Microbiology Systems, Cockeysville, Md.). Temperature requirements for growth were assessed as described by Konai et al. (12) .
Morphological studies. Cells of strain PLHS-lT in the logarithmic phase were examined by dark-field microscopy at a magnification of X 1,250. For electron microscopy (23) , cells of the strain were grown in approximately 3 ml of broth and pelleted by centrifugation. They were fixed for 2 h in 3% glutaraldehyde, postfixed in 1% osmium tetroxide for 1 h, dehydrated in acetone, and embedded in Epon; the resulting preparations were sectioned with a Sorvall ultramicrotome, and the sections were stained with 1% aqueous uranyl acetate and Reynold's lead citrate and examined with a Philips model 40OT electron microscope.
Sterol requirement. Sterol requirements for growth were determined by conventional methods (16) and by a modified broth culture dilution method (14) .
Tests for biological and biochemical properties. The procedures used to study glucose fermentation (1) and hydrolysis of arginine (8) and urea (1) have been described previously. Filtration characteristics were determined in M1D broth by techniques described previously (15) .
Serological tests. Antiserum to strain PLHS-lT was raised in rabbits as previously described (26) . Hyperimmune antisera to all previously established Spiroplasma species and groups (Table 1) were obtained from the reference collections at the Beltsville Agricultural Research Center and the National Institute of Allergy and Infectious Diseases laboratory in Frederick, Md. These antisera and strain PLHS-lT were used in metabolism inhibition and deformation tests as described previously (24, 26) . Genomic analysis. The techniques used for extraction and purification of chromosomal DNA from strain PLHS-lT have been described previously (4). The guanine-plus-cytosine content of purified DNA was determined by the buoyant density and melting temperature methods (3). The techniques used for genome size determination have been described previously (2). Purified DNA from Spiroplasma citri (genome size, approximately 1,820 kbp; guanine-pluscytosine content, 26 2 1 mol%) was used as a reference in all procedures (3). BC-3T
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FIG. 1. Colonies of strain PLHS-lT on SP-4 agar after 18
days of incubation at 30°C under anaerobic conditions. Bar = 50 pm. medium. The strain also grew in the Edward formulation of conventional mycoplasma medium containing 15% horse serum or in 1% bovine serum fraction medium. The strain grew at 10 to 32°C; optimum growth with a doubling time of 6.4 h was observed at 30°C in M1D broth. No growth was observed during 3 weeks of incubation in M1D broth at 5 or 37°C. Growth of strain PLHS-lT on solid medium was observed on agar plates. Colonies of strain PLHS-I~ on SP-4 agar were diffuse on the usual "hard" agar (2.25% agar); however, when the agar concentration was increased to 3.0%, small granular colonies with irregular edges formed after incubation for 18 days at 30°C under anaerobic conditions (Fig. 1) . Colonies with a fried-egg morphology were never observed.
As determined by dark-field microscopy, logarithmic-phase cultures of strain PLHS-lT in M1D medium contained long helical motile filaments, most of which had six or more turns. Cells of the organism sedimented from broth cultures and examined by electron microscopy were filamentous, with no evidence of a cell wall (Fig. 2) . Representative cells were 100 to 300 nm in diameter and were bounded by a single cytoplasmic membrane.
Sterol requirement. The responses of strain PLHS-lT to cholesterol supplementation of serum-free SP-4 medium are shown in Table 2 . No growth was apparent in base broth alone, but growth was enhanced when 5 pg of cholesterol per ml was included. Lower concentrations of cholesterol did not stimulate growth, and higher concentrations were inhibitory. As determined by the modified serial dilution method, strain PLHS-lT grew well in medium containing fetal bovine serum, but failed to grow in serum-free medium. This strain therefore requires serum or cholesterol. Biochemical and biological properties. Strain PLHS-lT produced acid from glucose and hydrolyzed arginine but not urea. Passage of broth cultures of strain PLHS-lT through 450-nmpore-size membrane filters reduced the viable cell titer from lo9 to 10' color-changing units/ml. The titer of a broth culture filtrate obtained after passage through a 300-nm-pore-size membrane filter was also reduced about 10-fold (to lo7 colorchanging units/ml). Passage through 220-nm filter pores reduced the titer by 3 log,, units. The 100-nm-pore-size membrane filtrate did not contain viable cells.
Serological tests. The results of metabolism inhibition and spiroplasma deformation tests (Table 1) indicated that strain PLHS-lT was not related serologically to representatives of previously established groups or species of the genus Spiroplasma. However, when the strain was used as an antigen, it exhibited a broad pattern of nonspecific one-way cross-reactions in both metabolism inhibition and deformation tests.
Genome size and DNA base composition. The base composition (guanine-plus-cytosine content) of PLHS-lT DNA was 31 2 1 mol%. The genome size was determined to be 1,465 kbp.
Habitat. The single strain described here was isolated directly from the gut of the common scorpion fly P. helena. Strain PLHS-lT is not known to be pathogenic to its insect host. In addition to the type strain, seven isolates referrable to S. alleghenense were obtained from five adult male and female individuals of P. helena. The five collections represented three locations in riparian habitats of two tributaries (the Glady and Dry Forks) of the Cheat River in the Allegheny Mountains of West Virginia's Randolph County. Spiroplasmas were observed in both blood and gut fluids. Two males and a female collected on 4 June 1986 yielded cultures. One of these cultures, BARC 0006, from the gut of a female, was triply cloned, leading to strain PLHS-lT. Exactly 1 year after the first collections, two additional collections, BARC 0292 and BARC 0293, from a male and a female, were also made. Only one isolate (the type strain) was cloned, but serological analyses of the other isolates, BARC 005, BARC 006 Regurgitated Gut Fluids, BARC 0007, BARC 0292 blood, BARC 0292 gut, BARC 0293 blood, and BARC 0293 gut, exhibited titers of 1,280 to 2,560 against antiserum directed against strain PLHS-lT. The properties of strain PLHS-lT described here fulfill proposed criteria (10) for species of the class Mollicutes, including absence of a cell wall, filterability, lack of reversion to walled bacteria when the organism is grown in antibiotic-free media, and penicillin resistance. The helicity and motility of strain PLHS-lT and its inability to utilize urea place this organism in the family Spiroplasmataceae of the order Entomoplasmatales (19) . Finally, a serological comparison of strain PLHS-lT with other Spiroplasma species demonstrated the uniqueness of the new insect strain. We therefore propose the name Spiroplasma alleghenense for this organism. The taxonomic description below summarizes the properties of this organism. 
